SYNOPSIS A reagent made of zinc sulphate (0-048 M) in a 0-4 M sodium salicylate solution at pH 7.3 precipitated most of the IgG when a small volume of human serum was added. Sera with normal IgG levels or polyclonal hyperglobulinaemia showed a close correlation between total IgG and zincprecipitated IgG (r = + 0 95). In clinical material, not including IgG myeloma, zinc-soluble IgG varied between 0 and 6 mg/ml and was independent of the IgG serum concentration. In 31 normal subjects the average IgG concentration, as determined by the Technicon immunonephelometric method, was 10-2 ± 1-7 mg/ml for total IgG and 2-2 ± 1.0 mg/ml for the soluble fraction. Among 173 sera, including 24 from cord blood, 16 from pregnant women, and 133 from patients with miscellaneous diseases, no pathological conditions except three cases of IgG myeloma were found with a zinc-soluble IgG definitely above the normal values; zinc-soluble IgG levels were often low in patients with hyperglobulinaemia, and the difference was highly significant in liver disease. K It has been reported that a reagent made up of 0 048 M zinc sulphate in a 0 4 M sodium salicylate solution, pH 7-3 and conductivity 13 x 10-3 Mhos, selectively precipitated most of the IgG when a small volume of human serum was added (Badin and Schmitt, 1961; . Albumin, a2M globulin, and ,-lipoprotein, constantly present in the precipitate, could largely be removed by dissolution of the precipitate with the minimal amount of sodium citrate and reprecipitation in the zinc reagent (Sarmini, 1973) . It was also pointed out that, in most sera, a small fraction of IgG remained soluble , and three cases of IgG myeloma with a high level of zinc-soluble monoclonal protein have been reported (Badin et al, 1968 ). Badin and Schmitt (1961) .
In 700 ml of previously boiled distilled water, 40 g pure sodium salicylate was dissolved; in a small beaker, 1P3 g zinc sulphate 6H20 was dissolved in 20 ml distilled water. Both solutions were mixed and the pH was brought up to 7-3 by the slow addition of 0-1 N uncarbonated NaOH. To avoid the formation of zinc hydroxide, drops must fall on a glass rod before reaching the reagent which is stirred magnetically. After bringing the volume up to 1000 ml, the clear fluid can be kept for several years in a dark glass.
(2) Immunological determination of IgG in sera and in zinc precipitate solutions was done automatically by immunonephelometry at 350 nm with a Technicon AutoAnalyzer (Larson et al, 1972; Ritchie, 1974) . Direct IgG determination from the supernatant was not possible because the reagent flocculated the anti-serum and absorbed the ultraviolet light. Neither could polyoxyethyleneglycol, an accelerating agent for the antigen-antibody reaction (Larson et al, 1972) , be used because of an unexpected interaction with the zinc-precipitated globulin which resulted in peaks higher than those given by the corresponding volume of the tested serum.
Consequently, zinc-insoluble and -soluble IgG was determined asfollows: IgG selective precipitation first performed by adding 0 05 ml serum to 2 ml reagent in a calibrated 7 ml plastic tube. After whirlmixing and standing for two hours at 25°C in a water-bath, tubes were centrifuged at 8000 g for 15 minutes and the supernatant was poured off. Each tube was drained and the inner wall was dried with the tip of a filter paper. The precipitate was dissolved in 0-2 ml sodium citrate 10 % solution and the volume was brought up to 5 ml by filling the calibrated tube with an ultrafiltered mixture of equal parts saline and 4% citrate solution. The serum was diluted in the same way by whirl-mixing 0 05 ml serum and 4-95 ml solution. In the Technicon manifold the glass pool was long enough to allow a 30-minute contact between the sample and the anti-IgG goat serum.
The zinc-soluble IgG concentration was calculated by deducting the value of zinc-precipitable lgG from that of the serum IgG level (fig 1) .
(3) Total protein was determined by the biuret reaction (Gornall et al, 1949) .
(4) Protein-bound hexose was estimated by the tryptophanborosulphuric acid method (Badin et al, 1953) .
(5) Antistreptolysin was titrated by haemolysis inhibition using a highly specific method (Badin and Barillec, 1970) .
(6) IgG light chains were identified by double diffusion on agar plates with specific rabbit antisera (Ouchterlony, 1962) .
(7) GI, 2, 3, and 4 heavy chain subclasses (Morell et al, 1970; 1972) were kindly identified for us by Dr Skvaril (Institut fur klinische Tumorforschung, Bern, Switzerland).
Myeloma sera and myeloma monoclonal IgG with known subclasses were kindly given to us by Dr Fine (Centre National de la Transfusion Sanguine) and Dr Seligmann (Hopital Saint Louis, Paris). These immunoglobulins had been purified by ammonium sulphate followed by precipitation of contaminating proteins by caprylic acid (Fine and Steinbuch, 1970) . IgG was dissolved in either saline or normal serum before being tested.
(8) Statistical data were assessed with a Wang computer. 
Results
The precision of the nephelometric immunodetermination of IgG was assessed by 15 successive assays of the same pooled serum. The coefficients of variation were 3-8% for serum and 7-5% for zinc precipitate. (Schur, 1972) Testing of subclasses in the zinc-soluble and -insoluble fractions of normal pooled IgG Immunoelectrophoresis of both fractions against specific H chain antisera (Dr Skvaril) showed that the four subclasses were present in both fractions.
K and A light chains were also characterized in both fractions.
Study ofpurified myeloma IgG with known subclasses
The 10 available preparations were tested for zinc precipitation after dissolution in either saline or normal serum. 
Discussion
A zinc-glycinate-acetate solution was the first zinc reagent described for estimation of serum gamma globulin (Surgenor et al, 1960) . We found that this reagent precipitated more than a third of the plasma protein but the quantity was poorly correlated with the IgG level. In contrast, the precipitate obtained with the zinc sodium-salicylate reagent was well correlated with the IgG serum level (r = + 0.77) although the immunoglobulin represented only 49% of the precipitated protein from normal sera. The contaminating proteins appeared to be absorbed mainly on the precipitated IgG since they were in great part removed by two successive precipitations. As expected, no precipitate occurred when sera were deprived of IgG (agammaglobulinaemia) (Badin and Schmitt, 1963) . In the optimal conditions here described for selective zinc precipitation of IgG, the correlation between serum IgG and zinc-precipitated IgG was very high (r = + 0 95) although the metal cation did not precipitate all of this immunoglobulin. It is shown here that about 20% of the IgG in normal serum (2-2 mg/ml) remains soluble in the reagent at 25°C. In the common diseases of Europe which were investigated, zinc-soluble IgG remained in the narrow range of 0 to 6 mg/ml while zinc-precipitated IgG varied between 0 and 56 mg/l. Unexpectedly, the quantitative variation of this ASL (IU) Protein ( fraction appeared to be independent from that of the serum total IgG level.
With the exception of three cases of IgG myeloma, no condition was found with zinc-soluble IgG levels definitely higher than normal, and low values or an absence of this fraction have been found frequently only in patients with hyperglobulinaemia and more significantly in cases of liver disease.
Zinc has been used for three decades by several investigators to precipitate selectively immunoglobulins with a different purpose such as gamma globulin isolation (Gurd and Wilcox, 1956; Surgenor et al, 1960) , clinical estimation of the serum gamma globulin concentration (Kunkel, 1947; Schmid, 1950) , and antibody fractionation (Isliker and Antoniades, 1955) . However, the presence of an IgG fraction which did not precipitate with zinc was not mentioned until 1963. At this time our chromotographic study of zinc-insoluble and -soluble plasmaproteins , followed by the report of three cases of myeloma with high levels of zincsoluble IgG (Badin et al, 1968) , ascertained the individuality of this fraction.
The biological meaning of zinc-soluble IgG remains unknown. Hexose content and antistreptolysin titres were not found to be much different from those of IgG which precipitated with zinc. K and A light chains and the four H-chain subclasses were found in both fractions of IgG isolated from normal sera.
Monoclonal globulins in myeloma sera or isolated from myeloma sera belonging to each of the subclasess were found to be either soluble or insoluble in the zinc reagent. Finally, no relation was found between solubility and electrophoretic migration. The solubility of monoclonal IgG in the zinc reagent should allegedly depend on an increased availability of histidyl residues; it is indeed known that zinc ++ binds to proteins probably exclusively through histidine (Gurd and Goodman, 1952; Gurd and Wilcox, 1956; Sarmini, 1973) .
Although not yet characterized by some immunological or physicochemical feature, the zinc-soluble part of polyclonal IgG may have a biological meaning of its own.
We have noticed that purified IgG was more rapidly and completely precipitated after a slight denaturation induced by salting out or a brief heating at 63°C. It 
